Leukemia is the most common cancer in children and adolescents 0 to 19 years of age (hereafter referred to as "children"), and the highest incidence rates of leukemia have been reported for children of Hispanic ethnicity [Age Adjusted Incidence Rate (AAIR) for 2009-2013 5 6.05 per 100,000]. 1 While incidence rates for childhood ALL in all races/ethnicities combined have increased approximately 1% per year since 1973, a greater increase in incidence has recently been observed among Hispanic children, 1 though reasons for this disparity in rates are unknown. In the past 20 years, numerous studies have focused on evaluating the association between childhood leukemia and environmental or lifestyle factors, which are likely to contribute to the observed racial/ethnic disparity in incidence. Ionizing radiation remains the only established causal environmental risk factor for childhood leukemia. Other lifestyle or environmental factors have been suggested as causal agents, with compelling evidence for residential or occupational exposure to pesticides. [2] [3] [4] [5] A series of meta-analyses or pooled analyses also suggest ALL risk may be higher for children with exposure to non-ionizing radiation, [6] [7] [8] paternal tobacco use, 9,10 paint, [11] [12] [13] and high birth weight, 14, 15 whereas atopic conditions (e.g., allergy, asthma, hay fever), 16, 17 day care attendance (as a surrogate for early life immune challenge, addressing the "population mixing" hypothesis of ALL leukomogenesis), 18, 19 and maternal folate supplementation 20 are associated with a reduced risk. However, few studies 18, [21] [22] [23] [24] have reported associations between these risk factors and childhood leukemia by Hispanic ethnicity, specifically. Allelic variants that are believed to be functional and to affect metabolism of environmental agents may also contribute to observed differences in incidence rates between Hispanic and non-Hispanic children. Susceptibility loci have been evaluated in a number of genes, including MTHFR (14 studies), GSTM1 and GSTT1 (13 studies each), GSTP1, CYP1A1 and NQO1 (7 studies each). 25 If Hispanic children are more genetically susceptible to some environmental factors (e.g., pesticides), increased prevalence of exposure to that environmental factor may explain, at least in part, the growing disparity in incidence rate trends by ethnicity.
In this analysis of Surveillance, Epidemiology and End Results (SEER) registry data, we expand upon a previous publication 1 to evaluate recent trends in the incidence of childhood leukemia (diagnosed at age 0-19 years) in the United States from 1992 to 2013, and to evaluate differences in leukemia incidence over time by race/ethnicity and other demographic characteristics. We aim to explore potential reasons for the greater increase in incidence among Hispanic children and the disproportionate burden of disease in Hispanic populations.
Material and Methods

Data
Trends in childhood leukemia incidence from 1992 to 2013 were analyzed using data from the National Cancer Institute's SEER population-based registries. Overall trends in leukemia incidence from 1992 to 2013 were analyzed using SEER 13 registries (Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco/Oakland, Seattle/Puget Sound, Utah, Alaska, Los Angeles, San Jose-Monterey and Rural Georgia). Age-adjusted incidence rates (AAIR) for recent years (2009-2013) by race/ethnicity are shown using data available from all 18 SEER registries (Alaska, Atlanta, Connecticut, Detroit, Greater California, Greater Georgia, Hawaii, Iowa, Kentucky, Los Angeles, Louisiana, New Jersey New Mexico, Rural Georgia, San Francisco-Oakland, San Jose-Monterey, Seattle/Puget Sound and Utah). SEER 13 (1992 SEER 13 ( -2013 and SEER 18 (2000 SEER 18 ( -2013 data includes standard demographic variables, including race (White, Black, American Indian/Alaska Native and Asian or Pacific Islander) and a variable describing Hispanic ethnicity, which was assigned based on the North American Association of Central Cancer Registries Hispanic Identification Algorithm. 26 All cases of leukemia diagnosed in children aged 19 or younger were included in the analyses. Childhood leukemia was defined according to the International Classification of Childhood Cancer (ICCC) which uses the World Health Organization International Classification of Diseases for Oncology (ICDO-3) histology codes to define diagnosis with childhood leukemia (defined as those diagnosed at age 19 or younger) (see Supporting Information for detailed information).
Statistical analysis
AAIRs were calculated using SEER*stat 8.0.4 (www.seer.cancer.gov/seerstat) and the 2000 U.S. Standard Population for age standardization, based on population data from 2009 to 2013. Trends in incidence rates from 1992 to 2013 by race/ ethnicity were evaluated using estimates of annual percent change (APC). APC estimates were calculated by fitting a least squares regression line using the natural log of the rates as the outcome variable, with year of diagnosis as the primary predictor variable. JoinPoint regression program 4.0.4 (http://surveillance.cancer.gov/joinpoint/) was used to determine whether a piecewise linear spline was a better fit for the data than a simple linear estimator for the overall trends. 95% confidence intervals and p-values estimates for AAIR and APC estimates were calculated using SEER*stat. Table 1 ). In all racial/ethnic groups, incidence rates were higher in males, and highest in children aged 1-4 years. From 1992 to 2013, the incidence rate for all leukemias increased significantly among both Hispanic White children (APC 5 0.96; 95% CI: 0.50, 1.41) and non-Hispanic White children (APC 5 0.63; 95% CI: 0.12, What's new? Each year in the United States, the incidence rate of childhood leukemia increases by about 1 percent. Recent evidence indicates, however, that incidence is increasing more quickly for some children than it is for others. Those trends are corroborated by the present analysis of Surveillance, Epidemiology and End Results (SEER) registry data, in which acute lymphocytic leukemia (ALL) was found to have increased significantly among Hispanic white children during the period 1992-2013. No increases in ALL incidence rate were observed for children of other races or ethnicities. Reasons for the greater increase in leukemia incidence among Hispanic children remain unclear. 
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1.14), but not among non-Hispanic Black children or among non-Hispanic White children.
ALL
In the five most recent years of SEER data (2009-2013), ALL incidence was higher in Hispanic White children than in non-Hispanic White, Black, or Asian children for both genders and among all ages; the incidence of ALL was markedly lower for non-Hispanic Black youth ( Table 1 ). The relative difference in ALL incidence rates between Hispanic White and non-Hispanic White children increased by age (from <1 year to 19 years), with the greatest difference observed among those in the oldest age group. Differences in the trends in ALL incidence from 1992 to 2013 (APC) between Hispanic White and non-Hispanic children also were more pronounced among children diagnosed with ALL. From 1992 to 2013, the incidence of ALL increased only among Hispanic White children (APC 5 1.08, 95% CI: 0.59, 1.58). Among both Hispanic White and non-Hispanic White children, greater increases in ALL incidence were observed for females. Statistically significant increases in incidence were observed for older Hispanic children (aged 10-14 years: APC 5 2.09; 95% CI: 0.57, 3.63; aged 15-19 years: APC 5 2.67; 95% CI: 0.88, 4.49); no increases in incidence were observed among older non-Hispanic White children.
AML
The AAIRs for childhood acute myeloid leukemia (AML) from 2009 to 2013 overall were similar by ethnicity ( Table 1 ). The incidence rates were highest for Hispanic White and nonHispanic White children under 1 year of age (AAIR Hispanic 5 2.02; 95% CI: .40, 2.82; AAIR non-Hispanic 5 1.83; 95% CI: 1.34, 2.45); the number of cases of AML among non-Hispanic Black and nonHispanic Asian children were very small. Statistically significant increases in the incidence of AML from 1992 to 2013 were observed for non-Hispanic White children under the age of 1 at diagnosis (APC 5 3.87; 95% CI: 0.82, 7.02), and for Hispanic White children diagnosed at age 1-4 (APC 5 3.13; 95% CI: 0.32, 6.03).
Trends in incidence of ALL by race/ethnicity
Trends in incidence rates of childhood ALL from 1992 to 2013 by race/ethnicity are presented in Figure 1 . The incidence of childhood ALL increased among Hispanic White children, but not among non-Hispanic children, however, the difference in trends was not statistically significant (APC P interaction 5 0.29).
Incidence rates by age
AAIRs from 2009 to 2013 by leukemia histologic subtype (ALL/AML) for each race/ethnicity are shown in Figure 2 . The incidence of ALL peaks at approximately 2-3 years of age for all racial/ethnic groups and decreases until age 8, after which rates appear to stabilize for Hispanics White children, and continue to decline slightly for all non-Hispanic racial groups through age 19. Among non-Hispanic Black children, the peak at this age was substantially lower than for other Figure 1 . Age-adjusted incidence rates of childhood acute lymphocytic leukemia by race and ethnicity, SEER 13, 1992 SEER 13, -2013 racial/ethnic groups. In both Hispanic and non-Hispanic children, the rate of AML is highest among infants 0-1 years of age; a decrease in rates is observed from age 2-6 years, followed by a small, gradual increase in incidence through age 19.
Discussion
Childhood leukemia incidence rates increased from 1992 to 2013, an increase that appears largely to have been driven by increasing rates of ALL among Hispanic White children. The largest increase in incidence rates over the time period occurred in Hispanic children 15-19 years of age at diagnosis, among whom the incidence increased by about 3% per year from 1992 to 2013. In non-Hispanic children of the same age, a much smaller, non-significant increase in the incidence of ALL was observed.
Risk factors which could explain the disparity in increasing rates of childhood ALL would need to increase more rapidly in Hispanic White children than in non-Hispanic White children. Parental smoking during pregnancy is a suspected leukemogen, but the proportion of men and women who smoke has declined over this time period. 27, 28 Other suspected risk factors, such as pesticide exposure, and maternal and child weight, have increased during this time period, as has the incidence of childhood atopic conditions (a protective factor) but it is unclear whether these factors have increased at a greater rate among Hispanic children, and as such, require further investigation to determine which, if any, may impact trends in childhood ALL incidence. The latest evidence regarding the potential for each of these risk factors to influence trends in leukemia incidence is discussed in detail below.
Exposure to paternal smoking prior to conception, during pregnancy, in early childhood, or while mother was breastfeeding has been studied as a potential risk factor for childhood ALL. A recent meta-analysis, using data from 18 published case-control studies, observed an increased risk of childhood ALL with exposure to paternal smoking overall, prior to conception and during pregnancy, 10 while no association was observed for maternal smoking during pregnancy in a meta-analysis based on 20 published studies. 29 Similarly, no elevated effects were observed in a study in California with a large proportion of Hispanic cases and controls. 21, 22 In the US, tobacco use has been lower in persons of Hispanic ethnicity than in non-Hispanic White persons (22.2% v. 14.5% in 2009) 30 and the percentage of current smokers in the United States decreased from 34.7% in 1970 to 20.6% in 2009 among adults of all ethnicities aged 18 or older. 30 Parental use of tobacco or alcohol therefore seems an unlikely candidate to explain the increase in incidence of ALL observed in Hispanic children.
Exposure to pesticides may disproportionately affect Hispanic children in the United States, due to higher proportions of families living near farming communities or working in the farming industry. The role of residential, parental occupational, or ambient pesticide exposure to various classes of pesticides (e.g., insecticides, herbicides) early in the child's life (i.e., in utero, during early childhood) has been investigated in a series of case-control studies. Summary measures for meta-analyses report elevated relative risk estimates for residential and occupational exposure during pregnancy to pesticides, insecticides and herbicides, with stronger effect estimates generally observed for maternal occupational exposure. [2] [3] [4] [5] A study evaluating residential exposure to six polychlorinated biphenyl (PCB) congeners and six specific chemical pesticides in carpet dust around the time of diagnosis found an association between PCB congeners and childhood leukemia risk in non-Hispanic White children, though levels of PCB congeners were similar in Hispanic and nonHispanic controls. 24 A second study evaluating exposure to herbicides in house dust and risk of childhood ALL observed statistically significant associations for the herbicide chlorthal, with a dose response effect observed for non-Hispanic White but not Hispanic children. 31 The prevalence of exposure is greater in residential agricultural areas with a high proportion of Hispanic families. 32 However, it is unclear whether the prevalence of pesticide exposure in areas with a large proportion of Hispanic children has increased in recent decades. If so, pesticide exposure increases may in part explain the greater increase in ALL incidence among Hispanic children.
Immune system development, as measured by patterns of infection and immune development are believed to influence ALL development. One proposed mechanism through which early life infections may protect against childhood leukemia is described as the "delayed infection" hypothesis. 33 The hypothesis proposes that a delay in exposures to common infections during the first year of life may alter the development of the immune system, and heighten the chance for aberrantly strong immune responses to later environmental stresses stimulating mutations necessary for the development of leukemia. Another variant of this hypothesis is the "population mixing" hypothesis, in which entire communities are exposed to new infections based on patterns of high residential mobility or settlement into "new towns." 34 Interestingly, such population mixing is an important feature of immigrant Hispanic settlement in the US, with increasingly dispersed suburban or rural enclaves which may impact leukemia risks in the manner proscribed by the population mixing hypothesis. 35 Day care attendance (as a surrogate for early life infections) has been suggested as a protective factor for childhood ALL. 18, 19 However, for Hispanic children no associations were observed. 23 The authors suggest that the formal variable of "daycare" does not describe the extent of Hispanics childhood contacts adequately, given other family and community-based childhood contacts among Hispanic communities.
Epidemiologic studies have noted a decreased risk of childhood allergies with several surrogate measures of early life infection (including higher birth order and day care attendance), supporting the hypothesis that infection early in life may protect against atopic conditions. 36 Studies also show inverse associations between these same measures of infection (higher birth order and day care attendance) and childhood leukemia incidence. Overall, inverse associations between childhood atopic conditions, including allergy, asthma, hay fever, eczema and hives were observed with ALL risk. Two meta-analyses of case-control studies found statistically significant protective effects for allergy, hay fever and eczema, and a protective, non-significant effect for asthma 16, 17 with childhood ALL. In recent years, the prevalence of allergic conditions (skin allergies) in children has increased in the United States (1997-2011), with a lower prevalence of allergic conditions in Hispanic children compared to nonHispanic children. 37 The incidence of asthma in the United States has also increased in recent years (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . 38 While the increase in allergic conditions and asthma may have prevented increased incidence among White children, such increases are unlikely to explain the observed increase in incidence among Hispanic children.
A recent meta-analysis of case-control studies found that children with high birth weight are at increased risk of both childhood ALL and AML, with evidence of a dose-response trend for ALL (OR per 1 kg increase 5 1.18; 95% CI: 1.12, 1.23).
14,15 A recent pooled analysis using data from 12 studies participating in Childhood Leukemia International Consortium (CLIC) found that children who were large-forgestational-age were at an increased risk of childhood leukemia relative to children who were normal-for-gestationalage. 39 Consistent with these data, Hispanics have been found to experience higher fetal growth rates than whites 40 potentially contributing to a higher risk of ALL. However, to our knowledge, data on secular trends in birth weight or weightfor-gestational-age by ethnicity are not readily available, and as such, the influence of increasing birth weight on increasing incidence of ALL in Hispanic children is, at best, speculative.
Another hypothesis is that the increase in childhood leukemia incidence in Hispanic children may be related to the growing proportion of children who are overweight in this population. Data from three nationwide clinical trials of childhood ALL in the UK indicate the prevalence of obesity and overweight at diagnosis among nearly 4,000 ALL cases increased significantly from 1985 to 2002. 41 The prevalence of overweight and obesity at diagnosis in the most recent trial (1997-2002) was 34.5% using the International Obesity Task Force Definition compared to 13.1% and 10.2% for the previous cycles. 41 Compared to the 1997-2002 trial (34.5%), the average prevalence of overweight and obesity in children in the UK ranged from 13 to 26%, 42 suggesting that cases may be more likely than the general population to be overweight or obese prior to diagnosis. Using data from the National Health and Nutrition Examination Survey (NHANES), investigators found that in the United States, the obesity rate has doubled in children aged 2-5 and tripled in adolescents aged 12-18 from 1971-1974 to 2007-200843 43 While all racial/ethnic groups in the United States have experienced rising rates of obesity, Mexican-American children have experienced greater increases than White children at all ages, with the greatest increases occurring in children aged 6-11 years and 12-17 years from 1971 to 2002. 44 Although no epidemiologic studies have published findings on the risk of childhood ALL associated with childhood overweight or obesity, four studies have evaluated this association in adults. [45] [46] [47] [48] Two meta-analyses of prospective cohort studies both observed a 60-65% increase in risk of adult ALL associated with obesity (p < 0.01). 49, 50 Further, mouse models suggest that diet-induced obesity accelerates ALL onset and progression. 51 The exact mechanism through which obesity in adulthood may lead to ALL in adults, or through which obesity in early childhood may lead to childhood ALL has not been established, but the authors suggest several plausible mechanisms. 50 Obesity, especially central adiposity, results in the release of excess free fatty acids, cytokines (e.g., IL-6, TNF-a), and a lower release of adiponectin, resulting in the development of insulin resistance and compensatory hyperinsulinaemia. 52 As a result, production of insulin and insulinlike growth factors (IGF-1) may increase, and production of IGF-binding proteins may decrease, leading to higher levels of bioavailable IGF-1. 52, 53 Insulin and IGF-1 act as mitogens in a variety of tissues including lymphoid cell lines. 52, 53 The chronic activation of the immune system through the release of cytokines and other inflammatory proteins by adipose also may directly increase the risk of leukemia, or may increase a child's susceptibility to other factors associated with ALL incidence. 50, 54 The increase in rates may instead reflect changes in the diagnosis or classification of leukemia. While histologic classification of leukemia has improved in recent years, it is not clear that improvements in diagnostic practices would identify new cases that previously would have been missed, nor whether such improvements would explain the differential patterns in ALL incidence by ethnicity. We also considered the possibility that the increase in incidence rates observed in Hispanic children may represent a delayed increase, coming decades after an increase in non-Hispanic whites, as Hispanic children become more acculturated and adopt a more Westernized lifestyle. However, when we restricted our analysis to SEER data in regions with data available as early as 1973 and with a historically large proportion of non-Hispanic white populations (e.g., Connecticut, Iowa, Utah), we found only a moderate increase in the incidence rate among non-Hispanic White over this extended time window . Although the data to classify cases as "Hispanic" in SEER was not available until 1992, a greater increase in incidence rates was observed from 1973 to 2010 when restricting to SEER registries that are likely to include Hispanic white children (e.g., New Mexico, San Francisco-Oakland), than in registry areas with largely non-Hispanic white populations. Finally, classification in SEER as "Hispanic" is based on a surname algorithm. 26 As such, the differences in the increase in incidence rates of ALL between Hispanic and nonHispanic children may be artificially driven by changes in the classification of children as Hispanic over time. Alternatively, the population estimates of Hispanic children may underestimate the true number of Hispanic children, resulting in artificially high rates of childhood cancer in Hispanic children. However, the observed difference in incidence rates by ethnicity has only been observed in childhood ALL and is not present in other childhood cancers (e.g., childhood brain tumors), suggesting that changes in ethnic classification are unlikely to be solely responsible for the results reported in this study.
Conclusion
Incidence rates in Hispanic children increased significantly from 1992 to 2013, with the greatest increases observed in older Hispanic children. Differences in incidence rates by ethnicity may be explained by differential exposure to suspected risk factors for ALL. However, the differential increase in incidence rates by ethnicity is unlikely to be explained by increasing exposure to these same environmental risk factors, as exposure to such factors would have had to increase at a greater rate among Hispanics over the last two decades. Changes in classification of disease, or classification of ethnicity in SEER databases are also unlikely to explain the observed incidence patterns. The large increase in ALL incidence in older Hispanic children may instead be the result of changes in birthweight or childhood obesity. Future studies with data to examine a wide range of potential risk factors by ethnicity, such as the California Childhood Leukemia Study or CLIC, 55 may be useful in understanding potential causes of the increase in incidence rates of ALL among Hispanic children.
